A new method for generating analytical expression of quantum Hamiltonian from non-linear differential equation with stationary energy level has been formulated.Further calculation of energy levels have been carried out analytically using and numerically using matrix diagonalisation method.
I.Introduction
In classical as well as quantum mechanics there are a only few problems which can be solved exactly. It has been seen that many approximation methods have been applied to Harmonic oscillator with a view to bring new methods to limelight.However, to the best of our knowledge none of the published work [1] [2] [3] [4] [5] [6] [7] deals with the generation of quantum Hamiltonian from non-linear differentail equation.
In this communication, we present an innovative method to derive quantum Hamiltonian from non-linear differentail equation
II.Method
In one dimension differential equation can be written as
where f (x) is a function of x and F (x . , x) is a function of x and it's derivative with respect to time. The form of f (x) and F (x . , x) can be considered as
and
The equation of motion can be written as
Now using the relation
we can get V (x) as
In the above H is considered as the Hamiltonian of the system in which V (x) is the potential (potential energy) . Now we can write the Hamiltonian as
In order to simplify the form of H, we use the formalism of second quantization and express x and p in terms of creation operator, a + and anihilation operator, a as
III.Hamiltonian in Second Quantization form In the Eq(10) one has to use different forms of f (x) and F to get the Hamiltonian in second quantization form.
III.A.Linear f (x)
Considering f (x) = w 2 x and F(x . x)= λ(x . ) 2 x, the Hamiltonian in Eqn. (10) can be written as
We also consider f (x) = w 2 x + λx 3 and F(x . x) = λ(x . ) 2 x and using Eqn. (10), the Hamiltonian (with w = 1) can be written as
IV. Perturbation Theory In this section, we use perturbation theory to calculate the energy levels up to second order. The Hamiltonian can be written interms of petrubed and unperturbed Hamiltonian as
where
Using standard pertuirbation theory [6, 7] , the expression for ground state energy upto second order (considering w = 1) is
In 
In this case with w = 1 we get
In Table-1 we present groundstate and first excited state energy of the Hamiltonian in Eq(14) for λ = 0.1 .
V. Matrix Diagonalization Method (MDM)
In order to get accurate energy levels of this Hamiltonian (Eqn. (10)) we use matrix diagonalisation method as follows. Now we solve the eigen-value relation
For Hamiltonian in Eqn. (12),
we obtain a three term recurrence relation [ as
Here |m > w is the mth state wave function of Harmonic oscillator with parameter w. On solving the three term recurrence relation using matrix diagonalisation method, we calculated first five energy levels for the Hamiltonian given in Eqn. (12) and reflected the same in Table 1 .
The Hamiltonian in Eqn. (13)(with w = 1) can be written as
In order to get the accurate energy eigen-values of this Hamiltonian, we use matrix diagonalisation method as stated above. In this case, we obtain a three term recurrence relation as
In the present paper, we accurately calculate the numerical values of energy levels of the Hamiltonian obtained from non-linear differential equation using matrix diagonalisation method. 
